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• opening angle and 10 km arm length, arranged in an equilateral triangle. A single ET interferometer is envisaged to be sensitive between 1 Hz and several kHz, with a strain sensitivity that is roughly an order of magnitude better than that of Advanced LIGO. This will allow it to see binary neutron star coalescences out to z ∼ 2, and binary black holes out to z ∼ 8 . A straightforward extrapolation from the expected Advanced LIGO detection rate suggests that ET will see in the order of 10 6 binary coalescence signals per year. The mass function of neutron stars and black holes. Given this enormous number of sources, ET will be able to make a census of the mass distributions of neutron stars and black holes, and their time evolution, over cosmological timescales. Fig. 1 shows the uncertainty (averaged over sky position and orientation of the orbital plane) with which the mass of a neutron star or a black hole in a binary neutron star (BNS), a neutron star-black hole (NS-BH) or binary black hole (BBH) event can be measured from the inspiral waveform alone. In the equal mass case it will be difficult to extract the mass, but as we will discuss in the next section, the merger will provide the missing information at least for neutron stars. Models of the evolution of star formation rate suggest that the rate at which coalescences occur will peak at z ≃ 1 − 3 [2] , a range where ET can measure masses with high accuracy. Thus, ET will be able to make a detailed map of how neutron star and black hole masses evolved during the most interesting part of star formation history.
Internal structure of neutron stars. An important open question is the behavior of the kind of dense nuclear matter in a neutron star, encapsulated by the equation of state (EOS). When the separation of the compact objects becomes of the same order as their size, neutron stars are tidally deformed, which in turn affects the orbital motion, and hence the gravitational waveform [3] . The radius R and pressure p of neutron stars can be determined from finite size effects during the late stages of inspiral; at 100 Mpc, ∆R/R ∼ 0.05 − 0.1, and about the same range for ∆p/p. Especially the shape of the merger signal is quite sensitive to the EOS; for a representative example, see [4] . Since the difference in mass choices considered by the latter authors was 10%, and given the large SNRs (hundreds up to 1 Gpc), ET should be able to infer masses to at least that accuracy.
Coalescence rates. By measuring the luminosity distance from the signal, and using a cosmological model to convert to redshift, one can estimate the coalescence rate dR 0 c /dz(z). Fig. 2 illustrates this for four models in the recent literature. Errors in the measured distances due to both detector noise and weak lensing effects cause events to be erroneously binned in redshift. The recovered rate also needs to be corrected for loss of detection efficiency, causing it to eventually diverge as the efficiency goes to zero. However, up to z 1.5 the error is in the order of 1%. [2] . The solid lines are the true rates, the circles give the number of measured coalescences in a redshift bin, and the dashed lines give a 1-sigma spread in recovered redshifts. The recovered rates take into account loss of detection efficiency, shown on the right.
Cosmography. Coalescences involving at least one neutron star will have electromagnetic (EM) counterparts (e.g., gamma ray bursts) and can be used as "standard sirens" [5] . From the gravitational waveform one can extract the luminosity distance D L , while identification of the host galaxy through the EM counterpart yields redshift z. Assuming that the host can be identified for ∼ 1000 binary neutron star coalescences over several years, one can fit the function D L (z), which contains information about, e.g., the matter density Ω M , dark energy density Ω Λ , and equation-of-state parameter w. Uncertainties in the parameters will be deter-mined by uncertainties in D L due to detector noise and weak lensing. Fig. 3 shows parameter distributions from 10,000 simulated "catalogs" of sources; see [6] for details of the method. While ET observations will not be better than conventional methods, gravitational wave "sirens" are self-calibrating and do not have to rely on the lower rungs of the cosmic distance ladder. "catalogs" of ∼1,000 sources each. The solid lines are 1-sigma and 2-sigma contours. One has σ Ω M /Ω M = 12.7%, σ Ω Λ /Ω Λ = 3.0%, and σw/|w| = 14.5%. (These numbers differ sligthly from those in [6] ; here we used a more realistic coalescence rate distribution [2] .)
